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Ultrosonie fronsducer for drlp-tube of m«dlcal infusion $er . d.tect. 
phost shift of rtflcctions to monitor drlp.rot« using piezoelectric 
tronsducerorrongomeni h «*w«i«inc 

lALE PG 30.CM.79.GB^U95V 

D/S:E (BE. DT, FR. CB, IT. NL) 

A drip r*te monitor for monUorlng the race of fluid infu- 
sion irito * ptUent Includes an ultrasonic cransducer (TD) 

^^"^•Vu""*'"^'^ * '"T) ^""^ *»^ch the fluid ^ 
drips. The transducer transmit ultraaontc w»vei throuah* 
the fluid and recelvet uJtraaonlc wivee reflected from 
the drops as they form and drip from the cube. 

An electric circuit connected to the transducer proces- 
ses signals resulting from the received w*ves and fflvlne 
an indication of the drip rate. The wavelength! of the ui*r* 
.sonic waves in the fluid are the .ame'a. the dimensions 
of the drop! which form. 
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■ Th« Invention rtlatas ' ' 

for m,„orln8 th. drip rat. nf " "P^'"""' 
"Hich drip fro» « ';Vf -rop, 

° - flow control .^d on 1 7 ' 

r„wr,d. .h«- count j; ;." 
then r..dju.t clo..r to th. * 

r.p..t Jirurr;:;- 

«te i. checked .gei„ ' 

Tl^. blockage »./ I e l! '"^^ 
•ppreciabl. ti™.. ""noticed for .„ 

Pr«»ent Invention ,„k. , 
improved „.thod and apparatus for 

-according to on. '^'^ 
^her. 1. provided a „ 

»-ho. conti t™ ::: - ^^^^ 

:he fluid m he t V ^"'-^ • • 

proce„lng .g^, .r^: -^^^^^^ 
^ccelved .ave, to give an Indication or drip 
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According te .nother aspect of th. , 
'here i, p„^id.j ^ drlp-r-t. », < ^""'"'len, 

5 fro™ „Mch CH. ,rll\l\lT ' " 

fo™ ,„d d,p.rf , they 

.„d giving .„ i„«,«i,„ ^^^^ 

"-."-'r;:::::in\~ 

pu»P*d rapidly into . p.ti.„t i„ ' '° 
-«ins or drop:« .orltion^do /oJuTrL" " 

system. Moreover the drip rate m*v k ^ *^ *^ " 
thl. m-. , observed by 

The transducer described 'n 

.ln.lc crystal for both tr.n„,i3.io„ and rec.pcior 
tran,d„„r for transmitting and receiving ultrasonic 
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• Pul.« whose i„t.rv.i correal ' ""^'"'"^ 
'-th,r circuit. CO prl^ L " '° 

Irlp rat, dovi.t., too f.r f" 

0 -.-t... to tH. j:„.t oT: ;t' 

•o arranged that ih. >" 

low. may b. battery operated 

«y conveniently cla^pTd to dr ' 
«lth a «hort ll.hr 

"ort light, connection to the transducer 
The Invention win be furth., ^ 
reference to th. <J«»erlbed with 

• «co«panyl„g drawing, of which .-. 

^" PO«aion above the drip chamber: ' 
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Figure 3 1. a schematic plan view ef riftic 

Figura ft i, a circuit dlagra™ of apparatus 
«..d in conjunction with the arrangement of Figures 1 
•nd 2 for transmitting and receiving ultrasonic wave, 
with Signal processing in ord.r to obtain pulses whose 
interval correspond, to the interval between drops. 

R.f.rring to Figure 1 there is sho™ a fluid 
.dmlni.tr.tion set comprising a reservoir bottle B for 
the lnfu.ion fluid T. . filter chamber FC which 1. 
normally kept full of fluid, through which the fluid 
passes to drip from aperture A in drip chamber 0. A 
float ball FB float, on the surface of the fluid 
Fluid flow 1. regulated by manual .dju,t„,„t of a 
valve V in the outlet line L to the patient. The 
filter chamber FC i, connected to the drip chanber D 
by mean, of a tub. T. Support flanges FC also 
present. 

Figure 2 shows the present Invention appUed. 
Ihere is shown the base of the filter chamber FC, 
interconnecting tube T and the top of drip chamber 
^ D. with a transducer TD in position. The flanges (FC 
of Figure 1) are not shown in this view. 

Transducer TD consists of two halves. In one 
25 half an ultrasonic crystal TX transmits ultrasonic 

vaves through a rubber section RT into tube T. Some of 
the wave enercy travels down to the drop DR and is - 
then reflected back up tube T. Some of this wave 
crercy r.nteri the rubber section RR and reaches the 
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ultrasonic receiver CTyseal RX. 

In the transmitting half of the transducer 
rubber section RT I. shaped to fit closely against ' 
tub. T. crystal TX I. bonded to . rubber section RT .nd 
5 the space between these and the metal housing MT I, 

filled with absorbent rubber AT. Electrical connections 
TI. and TE to the crystal are brought out In . Greened 
lead, TE being connected to the metal housing. 

Similarly In the receiving half of the trans- 
10 ducer. rubber section RE Is shaped to fit closely 

-galnet tube T. Crystal RX 1, bonded to rubber section 
RR and the space between these and the metal housing 
KR Is filled with absorbent rubber AR, Electrical 
connections RL and RE to the crystal .r. brought out 
15 m a screened lead, RE being conn.fied to the metal 
housing. 

T>e ti« crans<Jucer halves are held against 
tube T by means of a spring clip S. 

Figure 3 shows a schematic plan viev of 
20 Figure 2 with the filter chamber cut away. The 

flanges FC which may be present are indicated here. 
, The transmitter crystal TX is shown in its metal 
houilng m and si-llarly the receiver crystal RX is 
shown in its metal housing MR, The spring clip S is 
25 indicated, holding the housings MT and MR against tube 
T. 

Referring to Figure 4 as astable multivibr£itor " 
1 provided sop sec positive pulses at intervals of 
1 m.scc. These gate an astable multivibrator 2 which 
30 oscillates at the ultrasonic transmitter frequency. An 
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analogue switch 3 1» switched on for approximately 
lO^iSeconds each time multivibrator 1 goes positive 
and allows the output of multivibrator 2 to drive 
complementary transistors 4 and 5, which in turn drive 
the ultrasonic transmitter crystal 6. 

Ultrasonic waves impinging on the receiver 
crystfll crocte small sinusoidal voltages which are 
amplified by a tuned amplifier stage 7. A further 
stage of amplification 8 occurs before amplification 
by a wideband operational amplifier 9, Analogue 
gates 10 and 11 are opened for lOpsecs by a delayed 
pulse derived from a gated astable multivibrator 12. 
The delay is set so that waves reflected from the 
drop surface arc reaching the receiver crystal during 
the 10j4sec, period. (Reflections from the fluid 
surface in the filter chamber normally occur at a 
later period, and therefore have no effect.) Phase 
sensitive rectification of the output of amplifier 
9 occurs during this period as an analogue gate 13 Is 
driven via a gate 10 from multivibrator 2. Resistors 
X4, 15 and capacitors 16, 17 remove high frequency 
components from the signal, so that the signal at 

18 corresponds to the phase shifts that occur as each 
drop grows and then falls. 

With the chosen ultrasonic transmitter fre- 
quency, during the growth of each drop four phase 
reversals occur. Tlwit two approximately sinudoidal 
waves occur at point 18 for each drip that is formed, 
vith a fast transition as each drop falls. .Wavcfonn 

19 indicates a typical output at point 18. The choice 
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of transmitter freauency li s'-vcrned by cert.ln 
physical factors. If a hlfih frccuc-ncy i, chosen, fo- 
exatopl, 2MIU or more, a well-<)»fi„,d beam of ultra- 
sound t. obtained. However, the wavclensth i„ 
aqueous fluid is ortly 0.75 ™ at 2HHr anfl therefore 
very small change. In the dimensions or position of 
the drop will cause phase reversal. Ihl, can occur 
through Vibration or movement of the drip chamber 
At lower frequencies, i.e. l.rger wavelengths, phase 
reversal require, larger linear change, and the output 
1. less susceptible to interference. However, a, the 
frequency i, lowered, the wavelength Increase, to the 
point where it I, Urger than the diameter, of the 
tub. leading from the tran.mitter w the drip aperture 
The proportion of ultrasonic energy reaching the 
drop and reflecting from It fall, rapidly, in the 
transduear described, a frequency of approximately 
330 kHz was chosen, a, thi, gave four phase reversal, 
with drips from a commonly used drip chamber, where 
15 drips are equivalent to 1 ml. Apart from except- 
lonally dimensioned drip equipment, a frequency of 
operation 200 kHz and 500 kHz will generally be 
tatisfactory. 

A schraitt trigger 20 Is used to square up the 
waveform 19. before feeding it to a divlde-by-two 
counter 21. The output Is then, fed through the circuit 
22 ,0 that positive pulses are produced, whose interval 
cqrresponds to the interval between drips. 

Thee pul,e, nay thfn be u.td to trigger dlf.llal 
circuit,, ,0 that drip rate Is displayed, for ex3n:ple 
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.1.™ circuit, „ ^^^^ 

drip rat. v.ri.. co, f.r «ro„ u. Inicl.l ..cung . 

"-y.b.conv.nlently.ec.ch.dtothedrlpit.„d 

lev . lev r.p..itlcn r.u ,»y b. u..d for .h. ultrj 
.onlc pul.„. „or.ov.r th. circuit «y b. .» .rr.ne.d 
v.r. :i„I. current 1. .r.v„ J ;„ ' - 
.0 Ultrasonic p„i... ^^^^^ 
0 th. op.r.tlon.1 <»pUfl.r.. „d by th. u.. of 0„S 
v.rtcr. CMOS a„.:o,u. ,.t... By th... 
t po..lbI. t, provld. . .^u b.tt.ry op.r.t.d unit 
with low eurront drain. 

"ot r.,tri;t.d to th. part- 
icular .„bodI».„t d.,crib.d in th. for.,0'..., t.x! and 
di.gra».. Th. tran,duc.r ™.y b, u..d in any .dpinist- 
"tion ,.t vh.r. .pac. l, .vailabl. abov. th. drip 

ad«i„i tration ..t. d.Ugn.d ..p.dally f„r v.r,. sr^n 
drop. (..g. 60 drop, p.r v»uld rcquir, suitably 
••l.ct.d ultrasound vav.l.ngthi. 
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CLAIMS 

fluid m ch. cub.. r.c.ivl„, f„™ ch. fluid 1„ .h. ubc 

»*ve5 to giv. .„ Indtctlon of drip r.t. 

th. „o„Uer co»prl.l„g .„ uUr«onlc transducer 

which th, fluid drip, in ,h. fern, of drop., th. 

tr.n.dx.c.r b.ing c.p.bl. o, tr.„...ttin, v.tr..o„ic 
vv., through th. fluid i„ th. tub. .nd r.c.iving 
ultr.«„ic vav.. .3fl.ct.d fro™ th. drop. .. th.y fo™ 

d.p.rti and an .l.ctric circuit conn.ct.d to the 
tran,duc.r for proc.ing ^^^^ 
«c.iv.d V.V.. and giving an indication of drip rat,. 

A drip rate monitor a. claia.d in Claim 2 
vh.rcin th. wavelangth of the ultro.onic wave, m th. 
.n-ld i. .ub.tantially the .am. .. th. dimension, of 
th. drop, vhieh fom. 

A monitor a, claimed in Claim 2 wh.r.in the 
circuit 1. effective to provide the ultra.onic wave. I„ 
the fom of intermittent pulse.. ' 
5. A monitor ». claimed in CUio I, ,*,rein the 

circuit 1. effective to gate the signal, from th, 
transducer .o that received sign.,!, are applied from 
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the tr=n,d«c.r to the circuit only at . parcicular 
period .ft.r .n ultrasonic pul.. i, tr.nsnltted by. 
th. transducer into th. fluid, .o that spurious echo 
signals ar« rejactad, 

6. A monitor a. clain.d In Cl,l„ 3 vhar.in th. 
fr.,u.„cy of th. Ultrasonic waves is b.twcan 200 WH. and 

7. A monitor a, claload in Claim 6 «h,„i„ th. 
£r.flu.ncy of th. ultrasonic v.v., 1. substantially 

330 kHz, ' 
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